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ABSTRACT 

Observations with the Swift UVOT have unambiguously uncovered for the first time a long-lived, 
UV "plateau" in a Type II-P supernova (SN). Although this flattening in slope is hinted at in a few 
other SNe, due to its proximity and minimal line-of-sight extinction, SN 2012aw has afforded the first 
opportunity to clearly observe this UV plateau. The observations of SN 2012aw revealed all Swift UV 
and u-band lightcurves initially declined rapidly, but 27 days after explosion the light curves flattened. 
Some possible sources of the UV plateau are: the same thermal process that cause the optical plateau, 
heating from radioactive decay, or a combination of both processes. 
Subject headings: supernovae: general — supernovae: individual (SN 20I2aw) 



1. INTRODUCTION 

A Type II-P supernova (SN) is one of the more com- 
mon type of SNe that results from the core collapse 
of a massive star, usually a red super giant (RSG). 
The gravitational binding energy is approximately 10 53 
ergs, but only a small percentage of this is eventu- 
ally released as sustained emission with a life time 
of a few months. The luminosity in the optical is 
maintained by the recombination of hydrogen and ex- 
citation by radioactive isotopes even as the expanding 
photosphere cools. The initial emission is very blue, 
with the peak of the bolometric luminosity in the UV, 
but as t he photosphere expands and cools, it becomes 
redder (iKirshner et all 119731: IKirshner fc Kwanl 119751: 
Mitchell et al.l 120021 : iLeonard et al.l 120021: iBrown et al l 
20071) . Thus, the optical light curve often remains at 
nearly constant brightness (plateaus) for several weeks. 

In spite of the copious number of Type II-P SNe, very 
few have been well studied in the UV since this requires 
space-based instruments and a nearby event with low 
extinction. Rece nt UV observations have been carried 
out by the Swift (jGehrels et al.ll200l UV Optical Tele- 
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scope r UVOT:IR,oming et al.l [2000l l200i [2005h . HIE fSN 
1987A ; IPun et al.lll995lh HST (S N 1999em; IBaron et al.l 
f2000h . and GALEX (SN 2005ay; IGal-Yam et al.l 120081) . 
These SNe are UV bright early on and can be seen at 
great distances, but the UV flux u sually fades after a 
few weeks as the photosphere cools ([Brown et al.l [2009L 
For most distant SNe this means that the late-time UV 
flux is too faint to be observable. In the rare cases where 
the SNe were visible in the UV at late epochs, there are 
indications of a change to a flatter slope, but there is lit- 
tle data at these late times to determine anything defini- 
tiveQ This has changed with the advent of SN 2012aw. 

SN 2012aw was discovered on 2012 March 16.9 
(iFagottil 12012ft in the nearby galaxy M95 (10 Mpc; 
iFreedman et al.ll2001ft. M95 was observed on March 15.3 
(jPoznanski et al.l 120121 ) without a detection to a lim- 
iting magnitude of R > 20.7. From this constraint, 
iFraser et al.l (|2012l ) adopt an explosion date of 2012 
March 16.0 ± 0.8d (JD 2456002.5), which we adopt 
as Day throughout this paper. Pre-explosion im- 
ages of M95 in the region of SN 2012aw ind icate an IR 
bright star in the vicinity , likely a RSG (Fras er et al 



bright star m tne vi cinity , likely a JribU tf ras er et al. 
2012 1 : IVan Dvk et al.ll2012h. Follow up spe ctra (lMvniari 
2012t lltoh et all l2012t iSiviero et al.1 120121 ) identified it 



as a core-collapse, with a preliminary classification as 
a Type II-P. The plateau classification is confirmed by 
the optical photometry from Swift as shown in this pa- 
per. The nearness and minimal total extinction (line- 
of-sight: A„ = 0.37 host: A v = 0.24, with R v = 3.1; 
IVan Dvk etaLll2012f ) of SN 2012aw meant that unprece- 
dented UV observations of a SN covering the first 111 
days past explosion, could be obtained. We also observed 
this SN with the UVOT UV grism for approximately two 
weeks post-explosion, before it faded beyond a reasonable 
signal-to-noise threshold. 

As in prior Type II-P SNe, SN 2012aw is initially UV 
bright followed by a rapid decline in flux. At about Day 
27 the UV light curve slope significantly flattened to a 
very shallow sloped decline, a UV "plateau." This UV 
plateau continued though to Day 111, at which time 
Swift could no longer observe the SN due to observing 

1 SN 1987A was extensively observed, but it was also peculiar. 
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constraints. In this paper we present the Swift optical 
and UV light curves. We also present and compare the 
time-series UV spectra of SN 2012aw to previously ob- 
served spectral models of Type II-P SNe (SN 2005cs and 
SN 2006bp) and present possible causes of the UV flat- 
tening. 

2. OBSERVATIONS AND DATA REDUCTION 
2.1. Swift UVOT Photometry 

SN 2012aw was observed from 2012 March 19 (UT; 
~3 days post-explosion) to May 30 (JD 2456006.2 to 
2456078.2) with the Swift UVOT with a cadence of every 
one to four days. The UVOT observed in six UV/optical 
filters: uvw2 (A c = 1928 A), uvm2 (A c = 2246 A), uvwl 
(A c = 2600 A), u (A e = 3465 A), b (A c = 4392 A), and 
v (X c = 5468 A: IPoole et aHl2008D . Photometry using 
a 3" source aperture, including galaxy flux subtraction 
using a previous Swift UVOT observation of M95 as a 
te mplate, was perform ed following the method outlined 
in lBrown et al.l (|2009f) . The data reduction pipeline used 
HEASOFT 6.6.3 an d Swift Release 3.3 analysis tools with 
UVOT z ero-points (IPoole et al.1120081 ) and updated cali- 
brations (jBreeveld et al.ll2011l) . 
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Fig. 1.— Top. - The UV and optical light curves of SN 2012aw 
from Swift UVOT. The optical v and b bands are typical of a 
Type II-P SN. The UV bands decrease in brightness rapidly, but 
~ 27 days past explosion the light curve flattens out and follows a 
similar slope as the optical bands. Bottom. - UV and optical colors 
of SN 2012aw. The uvm2 — v (UV-optical) color curve indicates 
that the SN becomes quite red over time. 

The upper panel of Table Q] gives a summary of the 
photometric observations. Figure [T] shows the multi-color 
light curve and UV/optical colors of SN 2012aw. The v- 




FlG. 2. — Time-Series spectra from the UVOT UV grism. The 
spectra are offset from each other by adding a constant amount 
of flux for clarity. The individual hydrogen absorption (A) and 
emission (E) components are also labeled. 

and 6-band are largely flat, with declining slopes over the 
range of observations of 0.006 ± 0.001 and 0.023 ± 0.001 
mag/day, respectively (lc errors), the characterizing sig- 
nature of a Type II-P SN. The SN is UV bright initially, 
but declines rapidly with slopes for the uvw2, uvm2, and 
uvwl, of 0.311 ± 0.012, 0.197 ± 0.010, and 0.257 ± 0.007 
mag/day, respectively. After Day 27, the lightcurves flat- 
tened into a slowly declining plateau with slopes very 
similar to the 6-band of 0.028 ± 0.003, 0.029 ± 0.005, 
and 0.031 ± 0.002 mag/day, respectively. The u-band 
light curve had two changes in slope. The initial trend 
was rather flat, similar to the optical light curves, with 
a slope of 0.038 ± 0.007 mag/day until about Day 15 
(JD 2456018). Then, the w-band followed the trend of 
the UV light curves, decreasing in brightness at a rate 
of 0.166 ± 0.004 mag/day until about Day 27-30, where 
its light curve showed a slower decline of 0.050 ± 0.003 
mag/day. 

The uvm2 - v color overall becomes quite red, as ex- 
pected as the photosphere cools. The uvw2 - uvm2 color 
does become blue initially. This is because the uvm2 
flux declines faster than the uvw2 flux. Figure [2] shows 
the time-series UV spectra evolution, which is described 
in the following section. The flux near 1900 A (uvw2) 
remains nearly constant as the blackbody peak moves 
through this waveband and there are not many metal 
lines at this temperature (~ 20,000 K; bolometric tem- 
perature, see Section 4). Near 2100 A (uvm2) in the first 
spectrum there is a flux peak from the absence of iron 
lines. In the later spectra, this is line blanketed most 
likely b y Ni II. A similar phen omena happened with SN 
1987A (jCassatella etldjll987l ). 

2.2. Swift UVOT Spectroscopy 
Swift UVOT started observing with the UV grism (cal- 
ibrated for the range A1650 - A4900 A) on 2012 March 
21 (UT; ^5 days post-explosion). Spectra from individ- 
ual images were summed in order to limit the noise in 
the spectrum (Figure 2). The bottom panel of Table Q] 
lists the start and end times of each summed observation 
and the total exposure time. The spectral features are 
red-shifted due to M95's recessional velocity of 788 km/s. 
A feature of the Swift UV grism is the ability to ob- 



3 



TABLE 1 

Observations of SN 2012aw from UVOT. 



JD (+2450000) uvw2 uvm2 uvwl u b v 



6006.2 


12.20±0.22 


12.09±0.32 


12.16±0.12 


12.32±0.08 


13.56±0.08 


13 


71±0 


07 


6008.0 


12.83±0.29 
















6009.8 






12.64±0.09 












6009.9 


13.34±0.22 
















6011.9 






12.56 












6012.2 


13.77±0.22 
















6012.5 








12.47±0.14 










6012.8 






12.90±0.12 












6014.0 


14.16±0.25 


14. 01±0. 21 


13.17±0.21 


12.52±0.12 


13.53±0.11 


13 


50±0 


10 


6015.2 




14.41±0.20 














6015.5 


14.52±0.11 
















6015.9 


14.63±0.21 


14.64±0.09 


13.56±0.19 


12.60±0.12 


13.55±0.11 


13 


53±0 


10 


6017.0 


14.91±0.17 






12.71±0.27 










6018.0 


15.18±0.16 


15.30±0.12 


14.04±0.14 


12.80±0.12 


13.58±0.10 


13 


50±0 


Of) 


6018.6 


15.39±0.10 


15.68±0.08 














6019.9 


15.87±0.14 


16.10±0.10 


14.55±0.14 


13.04±0.14 


13.65±0.11 


13 


46±0 


11 


6024.0 


17.00±0.11 


17.64±0.09 


15.53±0.11 


13.76±0.14 


13.79±0.13 


13 


45±0 


11 


6025.9 


17.29±0.11 


18.17±0.10 


15.93±0.11 


14.08±0.14 


13.86±0.14 


13 


45±0 


13 


6028.1 


17.50±0.11 


18.36±0.10 


16.10±0.09 


14.39±0.12 


13.96±0.12 


13 


46±0 


11 


6029.0 


17.56±0.10 






14.56±0.31 










6029.6 


17.61±0.10 
















6029.7 


17.72±0.12 
















6030.7 


17.72±0.10 


18.94±0.13 


16.53±0.08 


14.77±0.10 


14.09±0.11 


13 


51±0 


10 


6031.9 


17.78±0.10 




16.53±0.09 












6032.7 


17.86±0.13 






14.82±0.09 










6033.8 


17.98±0.11 


19.33±0.16 


16.65±0.08 


14.97±0.09 


14.19±0.10 


13 


54±0 


on 


6035.8 


18.11±0.11 


19.44±0.15 


16.87±0.09 


15.20±0.11 


14.27±0.13 


13 


60±0 


12 


6039.6 




19.52±0.16 








13 


61±0 


10 


6039.7 


18.29±0.11 




16.95±0.09 


15.45±0.10 


14.36±0.13 








6043.7 


18.48±0.12 


19.62±0.19 


17.09±0.09 


15.72±0.08 


14.46±0.10 


13 


62±0 


on 


6045.7 


18.42±0.11 


19.66±0.17 


17.19±0.09 


15.76±0.09 


14.52±0.12 


13 


64±0 


n 


6046.7 


18.50±0.11 


19.91±0.20 


17.28±0.09 


15.90±0.09 


14.54±0.13 


13 


64±0 


n 


6050.9 


18.63±0.12 


20.19±0.23 


17.37±0.09 


16.14±0.09 


14.64±0.13 


13 


66±0 


12 


6052.0 


18.60±0.12 


19.83±0.22 


17.38±0.09 


16.12±0.08 


14.69±0.10 


13 


70±0 


on 


6054.2 


18.47±0.11 


20.08±0.22 


17.51±0.09 


16.20±0.09 


14.67±0.12 


13 


64±0 


n 


6057.8 


18.65±0.12 


20.40±0.28 


17.61±0.09 


16.40±0.08 


14.80±0.11 


13 


68±0 


n 


6061.8 


18.82±0.12 


20.53±0.32 


17.68±0.09 


16.63±0.08 


14.84±0.11 


13 


73±0 


10 


6066.3 






17.88±0.16 












6074.1 


19.30±0.16 


20.26±0.29 


17.82±0.10 


17.02±0.09 


15.03±0.09 


13 


79±0 


on 


6078.2 


18.92±0.13 


20.33±0.29 


17.92±0.10 


17.07±0.09 


15.11±0.10 


13 


83±0 


on 


6113.4 


19.67±0.20 


20.70 


18.42±0.13 


18.11±0.15 


15.66±0.08 


14 


22±0 


08 


UV GRISM 


Start Time 


Stop Time 


Start Time 


Stop Time 


exposure 










(UT) 


(UT) 


(JD) 


(JD) 


(sec) 










2012-03-21T00:16:24 


2012-03-21T23:03:24 


2456007.51 


2456008.46 


8287.4 










2012-03-23T00:41:04 


2012-03-24T21:42:08 


2456009.52 


2456011.40 


5116.7 










2012-03-25T00:48:24 


2012-03-26T01:09:46 


2456011.53 


2456012.55 


8021.7 










2012-03-28T08:47:25 


2012-03-28T23:43:28 


2456014.87 


2456015.49 


5663.9 










2012-03-30T05:44:24 


2012-03-30T18:43:24 


2456016.74 


2456017.28 


8978.1 










2012-04-llT01:42:00 


2012-04-llT19:45:40 


2456028.57 


2456032.72 


22759.8 









Photometry values in italics are 3a upper limits. All photometric errors are 3o\ 



serve at offsets from the center (default) position. These 
positions take advantage of the order separation, which 
is more pronounced when the grism is not at the default 
position. This means that the blue part of the spectrum 
can also be observed in second order, and the contami- 
nation of the first order by the second order is reduced 
substantially. All but the last spectrum were observed 
at offset positions. The offset was moved closer to the 
central position as time went on. A new preliminary 
calibration for the offset positions was used (Kuin et al. 
2012, in prep.), which has an accuracy of 15 A and is 
reliable to within 20% below 1800 A and < 10% for the 
UV region between 1800 - 4900 A. The spectra were ex- 
tracted following the same procedure as for SN 201 lht 



(|Roming et alj 120121 ) . using version 0.9.6 of the Python 
software for UVOT grism analysis 0. The last spectrum 
was observed at the central default position because the 
UV-emission was greatly reduced already, meaning that 
the blue part of the second order gives minimal contam- 
ination to the first order. The first five spectra have 
second order contamination starting at ~ 4900 A which 
is responsible for the upward jump in the flux. The last 
two spectra have some contamination by a zeroth order 
between 2030 - 2167 A, which was removed, producing 
the gap in Figure O The noise level in the spectra is 
x 10~ 16 ergs cm" 2 s _1 A -1 . The last spectrum blueward 

2 http: //www.mssl .ucl . ac .uk/{\raise . 17ex\hbox{$\scriptstyle\sim$}}npi 
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of 2940 A is below this noise level. 

To check the calibrations we produced spectrophoto- 
metry Swift magnitudes from the spectra in Figure [2 
which are shown in the top panel of Figure El The UV 
grism does not completely cover the uvw2 and the i>-band 
and therefore these are only limits. The UV colors from 
the last spectra are also only limits because of the noise 
level. We then interpolated the observed photometry to 
the central time of the spectrum exposure. The residual 
in the bottom panel of Figure [3] is the spectrophotom- 
etry minus the observed photometry. Since the 6-band 
(and v-hanA) are contaminated by the second order, the 
u-band and UV filters are the best diagnostics. This 
spectrophotometry is consistent with the photometry to 
within the errors on the spectra of ~ 1 — 2%. Because of 
this and that the UVOT photometry is will studied, we 
are confident that the UV plateau is a real feature of the 
SN 2012aw lightcurve. 



12 r 
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Fig. 3. — Top Panel. — The spectre-photometric magnitudes in 
Swift colors from the six spectra in Figure [2] The time chosen 
is the center of spectrum exposure. Bottom Panel. - The time- 
interpolated photometry was then subtracted from the spectropho- 
tometric magnitudes, producing the residuals. 

3. DISCUSSION 

3.1. UV Light Curve 

The UV light curve fell rapidly and then flattened out 
approximately one month after the explosion. Unlike 
many UV filters used, uvm2 has effectively no red leak 
and therefore we can be confident that the UV plateau is 
a real feature of the SN. There is a red leak in uvwl and 
uvw2, but a applying red leak correction ([Brown et al.l 
1 2010t ) still shows the plateau, just as a lower flux. The 
left panel of Figure 0] shows the UV and w-band lightcurve 
of SN 2012aw along with other Type II-P SNe corrected 
for distance, but not extinction since the extinction in 
the host galaxy for several of these is unknown. The 
worst case scenario is likely SN 2006bc, which has a total 
E{B — V) = 0.52, corresponding to ~ 4.3 mag change 
in uvw2 and uvm2, ~ 3.5 mag change in uvwl, and ~ 
2.6 mag chan g e in M-band, assuming the extinction of 
ICardelli et ail ([1989D . This flattening to the UV slope at 
late times is suggested, but not well observed in the prior 
UV studies of Type II-P SNe, as the UV flux fell below 



detection levels within a few weeks. We also show the 
ground-based u-band for SN 1999em and 2004dj, which 
do extend past 100 days. Both of these also show a flat 
M-band slope, like SN 2012aw. SN 2012aw's UV light 
curve appears similar in shape to that of SN 2006at, SN 
2006bp and possibly SN 2006bc, although the latter has 
very few observations. The UV light curves of SN 2005cs 
also appear similar if the lightcurves are shifted forward 
by a few days. 

3.2. UV Spectral Evolution 

In Figure [5]the Swift UV spectra are plotted. Since the 
UVOT is a photon-counting instrument, the flux errors 
are well understood. They are smallest around 3000 A, 
where the sensitivity is highest, and largest below 1800 
A and above 4000 A. The brightness of the SN is low 
enough that effects o f coincidence loss (jPoole et alJl2008t 
iKuin fc Ro sen 2001 Kuin et al. 2012, in prep.) are small 
and dominated by the coincidence loss in the background 
(jBreeveld et al.l 120 1Q[ ). These UV spectra are the most 
detailed UV spectra of an early Type II-P SNe. The 
final spectrum taken two weeks after explosion still shows 
some near-UV emission. 

In Figure [21 the main spectral features are identified. 
The main spectral absorption minima are blue-shifted 
by 6000-8000 km/s, while the edge velocities in H-bcta 
and H-gamma P-Cygni profiles are ^15,000 and ^13,000 
km/s. The UV end of the spectrum decreases in bright- 
ness rapidly over the course of the month. This decrease 
is likely due to iron line blanketing with the addition of 
nickel after ~ 10 days 

The right panel of Figure 0] shows the SN 2012aw ob- 
served spectra along with two spectral models for nearly 
the same pos t -explo sion time. The models are from 
iDessart et all (|2008| ) and were originally created from 
the analysis of Swift UVOT data of SN 2005cs and SN 
2006bp. The model parameters of S N 2006bp and 2005cs 
(given in Table 6 and Table 7 of IDessart et all I2008D 
have been extincti on corrected f r om th e empirical ex- 
tinction formula of ICardelli et al.l (|1989[ ) using the same 
Milky Way reddening for SN 2012aw o f E(B - V) = 
0.025 mag ([Schlaflv fc Finkbeinedl201ll ) . iVan Dvk etafl 
(2012) has shown that t he reddening of the hos t galaxy 
is E{B -V) = 0.08, but iKochanek etail ([20121 ) suggest 
t hat it is even les s. 

iGal-Yam etldl ([2008) suggest that all SNe Type II- 
P should be very similar, which is seen here with the 
SN 2012aw spectrum f alling largely in betw een the two 
models. According to De ssart et al.1 ([20081 ). the main 
difference between SN 2006bp and SN 2005cs is that SN 
2005cs may be intrinsically faint with low kinetic energy 
in the ejecta. However, it is not surprising that there 
some are discrepancies between the models and the ob- 
servations of SN 2012aw. The best UV spectral models 
are based on early time spectra and late time photom- 
etry, including these. Now that there are late time UV 
spectral observations of a normal Type II-P (versus the 
peculiar SN 1987A), improvements to the spectral mod- 
els can be made. 

4. CONCLUSIONS 

SN 2012aw shows the same optical light curve behavior 
as other Type II-P SNe, namely an optical plateau due 
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SN 20 06 be 
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▼ SN 2012aw 
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6000 3000 
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Fig. 4. — Left Panel — Type II-P SNe UV and K-band li ght curves corre c ted fo r distance, but not extinction. Th e lightcurves f r om SN 
1999em are from Elmham di et al.l l(2003ft . SN 200 4dj from Tsvetkov ct al] |[200ST ). SN 2005cs and SN 2006bp from IDessart et al.l pOOSh . 
and SN 2006at, SN 2006bc, and SN 2007aa from IBrown et"aTI (120091"! ■ The arrows indicate upper limits. Right Panel - UV time-series 
spectrum of SN 2012aw (black) with the spectral models I IDessart et al. 2008) for SN 2005cs (blue) and SN 2006bp (red) scaled by eye to 
the SN 2012aw observations and extinction applied using the reddening to SN 2012aw. 

to the reprocessing of hydrogen recombination emission. 
This SN was also UV bright early on and faded rapidly 
in the same manner as other observed Type II-P SNe. 
However, at late epochs, after Day 27, the light curve 
slope flattened to a much slower decline. At these later 
times, the UV lightcurve uniquely gives information on 
temperature changes. Thus, the UV flattening indicates 
that the temperature is remaining constant, which re- 
quires a source of heating to maintain the photosphereic 
temperature. Some possible sources of late-time heat- 
ing are continued recombination, radioactive decay, or a 
combination of these. 

Past Day 27, as the UV slope flattens, the uvm2 — v 
color flattens and the temperature flattens. The bolo- 
metric temperature as calculated from the UVOT filters 
uvwl and uvw2 and ground-based UBVRIJHK (Dall'Ora 
et al., in prep) becomes constant at ~ 4500 K. A black- 
body temperature of 4500 K w ould have a color o f 
uvm2 — v = 4.1 mag including the I Van DvkeT al. (2012) 
reddening, but we observe uvm2 — v ~ 6 mag. The dif- 
ference in color is likely due to line blanketing, which is 
also constant because of the constant temperature. We 
note, however, that there have been some indications of 
a higher reddening value from Dall'Ora et al. (in prep) 
if there is significant dust present after the explosion. 
They suggest an E(B — V) = 0.27, which would produce 
a 4500 K blackbody color of uvm2 — v = 5.3. If this is 
so, then line blanketing may be less significant and the 
SN was intrinsically brighter. 



The UV plateau in SN 20I2aw is not seen in the 
other UV observed SNe because most were either too 
extin cted (SN 2006bc: E(B - V) = 0.19 - line of 
sight ISchlaflv fc Finkbeinerl l20ll E{B - V) = 0.33 - 
host lOtsuka et al.l 12012ft or to o far away (SN 2007aa: 
20.5 Mnc. ISmartt et al.l [20091 : SN 2006at: 64 Mpc, 
iBlondin et al.l 12006ft . SN 20 05cs was nearby (in M51) 
and not very extincted, but IDessart et al.l (|2008ft sug- 
gest that it was sub-luminous. SN 2006bp is the best 
comparison and has indications that the lightcurve was 
beginning to flatten, but it too was fairly d istant and ex- 
tincte d (17.5 Mpc, E(B - V) = 0.37 host: IDessart et al.1 
2008) and was not detected in the UV approximately a 
month after explosion. Thus, we have lengthy observa- 
tions of a normal Type II-P SNe that is nearby allowing 
us to observe the UV plateau for the first time. 

Because of SN 2012aw seeming similarity to SN 2006bp 
and at least the initial data of the other SNe, this UV 
plateau phase could be ubiquitous^! However, as SN 
2012aw is the first we can only confirm this with ad- 
ditional observations of nearby Type II-P SNe. 
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